herb, Curcuma longa, a traditional dietary spice in Indian and South Asian countries [17] . Because of its pleiotropic actions, including antiamyloid [18, 19] , anti-oxidant [20] and anti-inflammatory properties [21] , Cur has been targeted for AD therapy [22] [23] [24] [25] [26] [27] [28] . Unfortunately, the poor solubility, instability in physiological fluids and low bioavailability of Cur are the major obstacles for achieving its optimum theranostic value [29, 30] . One of the major metabolites of curcumin is Tetrahydrocurcumin (THC), which is more stable in biological fluids and has similar potency as curcumin [31] . However, recently, a solid lipid Cur particles (SLCP) formulation has been shown to increase its solubility, stability and bioavailability [22, 26, 32, 33] .This SLCP formula (also known as Longvida) is considered one of the most promising strategies for restoration and up regulation of several synaptic markers and maintenance of protein degradation pathways in transgenic mouse models of AD [11, 22, 26, 28, 33] . This formulation can penetrate 65 times greater into the brain tissue and can bind to Aβ plaques more effectively than dietary Cur, a finding that may lead to mitigating the deleterious effects of Aβ and p-tau aggregates in AD [22, 26, 33] . Given this, the present study was designed to investigate whether dietary Cur, THC and/or SLCP can affect molecular chaperones, ALPs, on neuronal cell lines which have been exposed to Aβ42. Our results suggest that dietary Cur and or SLCP can be used to ameliorate the dysregulation of HSPs and ALPs, in neuronal cell lines after exposure to Aβ2.
Materials and Methods

Chemicals
Aβ peptide, Cur (~80% pure), tetrahydrocurcumin (~99% pure), HFIP (1,1,1,3,3,3-hexafluoroisopropanol and other accessory chemicals were purchased from Sigma (St. Louis, MO). The solid lipid Cur particles (SLCPTM) or Longvida ® or Longvida ® Optimized Curcumin contain 26% of Cur, was a kind gift from Verdure Science (Noblesville, IN). This SLCP consists of high-purity, long-chain phospholipid bilayer and a long-chain fatty acid solid lipid core, which coats the Cur. The SLCP have been well characterized by Maiti et al. [34] and by Cole and Frautschy laboratory, at the University of California, Los Angeles in collaboration with Verdure Science [26, [35] [36] [37] . Details sources of all the antibodies used in this study are summarized in Table 1 .
Peptide preparation and treatment
The Aβ peptide preparation for the study of neurotoxicity was described previously [38] . Briefly, synthesized Aβ42 was first dissolved in cold HFIP (1,1,1,3,3,3-hexafluoroisopropanol) to get disassembledpreformed aggregates. After being dissolved, the peptide solution was sonicated for 1 min and allowed to sit for additional 30 min at room temperature. Then, the peptide solution was aliquoted into small Eppendorf tubes to achieve the desired concentration, and allowed to dry overnight at room temperature under the fume-hood. The tubes were covered with Kimwipe disposable wipers to protect them from dust. On the next day, the tubes were completely dried, using nitrogen flow and then stored at -20ºC until subsequent use. Prior to experimentation, the peptide was dissolved in a 60 mM NaOH solution and sonicated for 1 min at room temperature. Following this, the peptide was diluted with fresh cell culture medium to achieve the desired concentration and then added to the cell culture dishes [38] . The final NaOH concentration was 6 mM, which was also added to the control cells.
Cell culture
Human cortical neuronal cells (SH-SY5Y) and mouse neuroblastoma cells (N2a) (ATCC, Manassas, VA) were used for this study. The SH-SY5Y cells were used to investigate the changes of HSPs, using different concentrations of Cur and after exposure to Aβ42, and rest of the experiments were done with N2a cells. Briefly, the SH-SY5Y and N2a cells were grown in Dulbecco modified Eagle's medium and F12K (DMEM/F12K, 1:1) and minimum essential medium (MEM, GIBCO, Grand Island, NY), respectively, with both cultures containing 10% heat-inactivated fetal bovine serum (FBS) and penicillin/streptomycin (1 μg/mL). The cultures were maintained at 37°C in a humidified atmosphere at 5% CO 2 . Prior to the experiment, the cells were grown either in 60 mm Petri dishes or glass-coverslips with fresh DMEM or MEM, lacking growth factors, depending on the experimental setup.
Curcumin, tetrahydrocurcumin (THC) and SLCP treatment
The Cur, THC and SLCP dissolve more readily in methanol than other solvents (e.g. 10 mM NaOH, DMSO, and PBS) due to their hydrophobic nature [34] . Therefore, the stock Cur, THC and SLCP were dissolved in methanol, and then diluted in the DMEM or MEM (methanol was <1%), before being added to the petri-dish containing the cells. Initially, different doses of Cur have been studied with HSPs in SH-SY5Y cells and, based on the experimental results; we found that 1 μM is more potent than any other concentration. Therefore we used to this dose of Cur in rest of the experiments.
Immunocytochemistry
Prior to the experiments, the media was replaced with fresh MEM, containing 0.1% Pen/Strep solution, but without growth factors. The cells were exposed to Aβ42 (10 μM) and then treated with Cur and or SLCP (1 μM), dissolved in methanol and diluted with fresh MEM (final methanol concentration was <1%) for 24 h. Immunocytochemistry was performed to identify different protein markers for HSPs, ALP and CMA, using different antibodies along with appropriate secondary antibodies tagged with fluorescent dyes. Briefly, after the stipulated period of treatment, the cover slips containing the cells were washed in PBS, twice, and then fixed with 4% paraformaldehyde for 15 min. Before starting immunocytochemistry, the coverslips were washed with PBS thrice, 10 min each. Then the cells were incubated with 0.5% Triton-X 100 (Fisher Scientific, Pittsburgh, PA), along with 0.3 M glycine, 1% BSA and 10% normal goat serum (Santa Cruz Biotech, CA) for 1 h at room temperature. Then the cover slips were incubated with primary antibodies (1:100; Sigma), which were dissolved in PBS, along with 10% goat serum, and placed on a shaker at low speed at 4ºC, overnight. On the next day, the cells were thoroughly washed with PBS, three times, for 10 min each. Then the cells were incubated with appropriate secondary antibodies (1:200), tagged with either FITC or Alexa-594 (Molecular Probes, OR), for 30 min at room temperature. Then the sections were washed thoroughly with distilled water, dehydrated, cleared and mounted on slides using anti-fading Fluoro-mount aqueous mounting media (Sigma) and visualized using a fluorescence microscope (Leica, Mode-CTR6500HS, Germany) with appropriate excitation and emission filters. The images and immunofluorescent intensity is the representative of three independent experiments and the fluorescent intensity of each marker was measured with at least 200 cells from three independent experiments, using Image-J software (https:// imagej.nih.gov/ij/).
Western blot
After the stipulated period in each experiment, the media was removed from the culture dish and washed thrice with sterile PBS (pH 7.4). After that, the cells were scrapped and lysed with cold radio-immuno precipitation assay (RIPA) buffer ( 8.0), 1 mM EDTA, 0.5 mM EGTA, 1% Triton-X 100, 0.1% sodium deoxycholate, 0.1% SDS, 140 mM NaCl, pH 7.4) with protease and phosphatase inhibitors (Sigma) and sonicated (Fisher scientific) for 1 min in ice-cold conditions. Then the lysate was centrifuged at 16,000x g for 15 min at 4 o C. The supernatant was collected and aliquoted in PCR tubes and stored at -80 o C until use. Total protein concentrations for individual samples were determined using the Pierce BCA protein assay (ThermoScientific, Rockford, IL). Samples were added with equal amount of 2x SDS-sample buffer (125 mM Tris-HCl, pH 6.8, 4% sodium dodecyl sulfate, 20% glycerol and 10% 2-mercaptoethanol) and boiled for 2 min. Approximately, 50 µg of protein per lane was loaded and electrophoresed on 10% Tris-glycine gel and transferred to PVDF membrane (Millipore, Bedford, MA). After probing with respective primary and secondary antibodies, the blots were developed with ImmobilonTM Western Chemiluminescent HRP-substrate (Millipore, Billeria, MA). The relative optical density was measured using Image-J software (https://imagej.nih.gov/ij/). To ensure equal protein loading in each lane, the blots were stripped and re-probed for β-actin (in case of SH-SH5Y cells) and β-tubulin (in case of N2a cells). The images are the representative of three independent experiments.
Statistical analysis
The data were expressed as mean ± SEM. Data were analyzed using one way analysis of variance (ANOVA), with post-hoc Tukey HSD (honestly significant difference) tests used when appropriate. Probability below or equal to 0.05 was considered as statistically significant.
Results
Cur and THC ameliorated molecular chaperones (HSPs) after exposure to Aβ42
Human cortical neurons (SH-SY5Y) were exposed with Aβ42 (10 μM) for 24 h in absence and presence of different concentration of dietary Cur (in μM: 10, 1, 0.1 and 0.01) and also THC (1 μM). Different HSPs, such as HSP90, HSP70, HSC70, HSP60, HSP40 and HSP90 cochaperons, such as CDC37 and P23 were investigated by Western blot analysis. We observed that HSP90, HSP70, HSC70, HSP60 and HSP40, all were significantly downregulated (p<0.01) after exposure to Aβ42 and different concentrations of Cur and THC (1 μM) treatment restored their levels ( Figure 1 ). We also observed that HSP90 co-chaperones CDC37 and P23 were significantly increased after Aβ42 exposure, and only lower doses of Cur (e.g. 0.1 μM and 0.01 μM) and THC (1 μM) were able to reduce these two co-chaperones ( Figure 1 ).
Cur and THC increased HSP90 and HSP70 levels in SH-SY5Y cells
We also challenged SH-SY5Y cells with different doses of Cur (In μM: 10, 1, 0.1 and 0.01) and THC for 24 h and observed that both Cur and THC increased HSP90 and HSP70 levels in SH-SY5Y cells significantly ( Figure 2 ).
Comparison of heat shock response in N2a cells after exposure to Aβ42 and Cur and SLCP treatment
The SLCP has greater cellular permeability and neuro protection as described previously [26, 33, 34] . Therefore, to compare the HSPs response, we treated the N2a cells with 1 μM of Cur and or SLCP for 24 h after exposed with Aβ42 (10 μM). Our Western blot data showed that both HSP90 and HSP70 levels were significantly decreased (p<0.01) after Aβ42 exposure, as observed in SH-SY5Y cells, and both Cur and SLCP ameliorated their effects ( Figures 3C-3E ). In addition, immune fluorescent intensity analysis showed that HSP70 level was significantly less (p<0.01) in Aβ42 treated cells, and SLCP treatment restored this protein level ( Figure 3A and Graph B). A similar finding was also observed in the case of Cur-treated cells (data not shown).
LC3A/B in neurons was upregulated after exposure to Aβ42 and further increased following treatments with Cur and/or SLCP.
An increased level of LC3A/B-II indicates formation of auto phagosomes, which are considered a gold standard for autophagic mechanisms. In the present study, we observed that LC3A/B immunofluorescent signal was significantly increased when N2a cells were exposed with Aβ42 and that this signal was further increased after Cur and or SLCP treatment ( Figure 4A and Graph B). Similarly, in our Western blot experiment, we found that it was significantly increased after Aβ42 exposure (p<0.01) and Cur and SLCP treatment further increased their levels (p<0.05) ( Figure 4C and Graphs F and G). In addition, LC3A/B-I was significantly increased in the Aβ-exposed cells after treatment with Cur or SLCP ( Figures 4C-4E) .
Beclin-1 level after exposure to Aβ42 and treatment with cur and or SLCP
Beclin-1 is involved in autophagic pathways, including formation of autophagosome or autophagosome and endosome maturation. In our immunofluorescent study, we observed that the beclin-1 level was increased after Aβ treatment, while SLCP treatment decreased its level ( Figure 5A and Graph B). Similarly, our Western blot showed that beclin-1 level was significantly increased (p<0.01) after exposure to Aβ42, and Cur and or SLCP treatments significantly decreased its level ( Figure 5C and Graph E), but Cur was unable to reduce this level ( Figure 5C and Graph D).
HSC70 level was downregulated after Aβ42 exposure and it but restored by Cur and/or SLCP treatments
HSC70 is a highly conserved chaperone, which is involved in CMA for recognition of small, soluble misfolded protein substrates. The immunofluorescent signal of HSC70 was significantly less (p<0.01) in Aβ42-treated neurons and SLCP restored its level ( Figure 6A and Graph B). We also found similar finding in our Western blot experiment, such that HSC70 was significantly downregulated (p<0.01) after exposure to Aβ42 and Cur ( Figure 6C and Graph D) and or SLCP restored its level ( Figure 6C and Graph E).
LAMP2A level was upregulated by Aβ42 but restored by Cur or SLCP treatment
Lysosome associated membrane protein 2A (LAMP2A) is an important protein for internalization of small, soluble misfolded proteins into the lysosomal lumen, so is significantly involved in CMA. When we performed immunofluorescent study, we observed that the Aβ-treated cells increased its level and both Cur and SLCP decreased it ( Figure 7A and Graph B). Similarly, Western blot data showed that LAMP2A level was significantly increased (p<0.01) after exposure to Aβ42, and it was decreased by Cur ( Figure 7C and Graph D) and SLCP treatment ( Figure 7C and Graph E).
CHIP level was downregulated after exposure to Aβ42 and restored by cur and/or SLCP treatments
The carboxyl terminus of HSP70-interacting protein (CHIP) is one of the members of proteasome system. It acts as a link between the HSC70 and proteasome systems, thus is involved in maintaining the protein homeostasis in the cytosol. In the present study, we observed that immunofluorescence signal of CHIP was decreased after Aβ treatment, but restored by SLCP treatment ( Figure 8A and Graph B). Similarly, our Western blot data revealed that CHIP level was significantly lowered in Aβ42-treated cells (p<0.05), but restored by treatment with Cur ( Figure  8C and Graph D) or SLCP ( Figure 8B and Graph D).
Discussion
Proteolytic pathways play pivotal roles in disposing misfolded protein debris, such as soluble oligomers, the predominant toxic species of Aβ and p-tau found during neuronal death in AD [11, 13, 39, 40] . Dysfunction of protein degradation pathways and failure of autophagic mechanism have strongly linked to neuronal death in AD [6, 39, 41] . The primary goal of this study was to determine whether Cur and or SLCP could restore dysfunction of molecular chaperones and autophagy lysosomal pathways after exposure to Aβ42, In Vitro. Therefore, we have investigated different HSPs using human neuroblastoma cell line (SH-SY5Y) and mouse neuroblastoma (N2a), along with different autophagy markers after exposure to Aβ42. We observed that the Aβ-induced down-regulation of HSPs was ameliorated by dietary Cur and or SLCP treatment. Similarly, ALP markers were also modulated by dietary Cur and or SLCP.
Although the mechanistic details of neuroprotection by Cur in AD
are not yet clear, one possibility is that it is targeting some common endogenous protein clearance pathways, such as those using molecular chaperones (HSPs) and ALP and/or proteasome systems [11, 13, 26] . Indeed, induction of HSPs has emerged as a potential strategy for the treatment of neurodegenerative diseases [42, 43] . Therefore, the modulatory roles of Cur on molecular chaperones and ALP markers were investigated in the present study with human neuroblastoma cells (SH-SY5Y), which were exposed to Aβ42. We observed significant downregulation of HSPs in these cells and also found that the Cur treatment prevented this.
We also treated the cells with THC, which is one of the major metabolites of Cur in our body. It lacks α, β-unsaturated carbonyl moiety and is more stable in our body fluids [31] . Interestingly, it also strongly binds with Aβ-plaques, similar to Cur. To determine whether THC is superior to Cur or has similar effects on restoration of HSPs, we treated the SH-SY5Y cells with THC along with Cur. Our findings suggested that THC is equally as effective as Cur in restoration of HSPs after Aβ42 treatment, In Vitro.
Although HSP90 is one of the main HSPs involved with protein misfolding, several other functionally related co-chaperones, such as CDC37 and P23 are involved in controlling the function of HSP90 [44] . In the present study, we investigated the levels of CDC37 (an inhibitor of HSP90) and P23 (a positive regulator of HSP90). Interestingly we found that CDC37 was significantly increased after Aβ42 treatment, and lower concentrations of Cur (1, 0.1 and 0.01 μM) and THC (1 μM) normalized CDC37 levels, which may explain why low levels of HSP90 are observed after Aβ42 exposure. In contrast, P23 was also upregulated by Aβ42, which may be due to decrease HSP90 level. The Cur treatment (1 μM) was able to induce P23 further, indicating that perhaps Cur can dissociate CDC37 from HSP90 protein complex, thus restoring the normal function of HSP90. These observations suggested that there was dysregulation of HSP90 co-chaperones, whereas Cur treatment significantly improved their levels by decreasing CDC37 and increasing P23 level (Figure 1) [45].
When we treated SH-SY5Y cells with different concentrations (in μM: 10-0.01) of Cur and THC with Aβ42, we observed that all these concentrations of Cur and THC induced HSP90 and HSP70. However, Cur at 10 μM concentration decreased the HSP90 level but the 1 μM concentration did not affect the HSP90 levels. The HSP90 level may have been reduced at 10 μM (Figure 2 ), because this concentration can induce neuronal death [46, 47] . In our experiment, we observed that higher concentration (≤ 10 μM) induced neuronal apoptosis, whereas lower concentration especially nanomolar to 1 μM of Cur is neuroprotective. It has been reported that higher concentration of Cur can induce neuronal apoptosis and act as an anti-cancer agent [46] [47] [48] . Although the mechanistic details of how Cur restored HSPs after Aβ42 exposure, or how they induce HSPs in SH-SY5Y cells, is still unclear to us, one possible explanation may be that Cur treatments confer neuroprotection by secreting several growth factors, including BDNF, NGF and IGF [49] [50] [51] . Although we did not investigate these neurotropic factors in the present study, we found Cur restores BDNF in other animal models of neurodegenerative diseases. These growth factors may help protect against Aβ-induced neuronal death by producing enough of HSPs to cope with adverse conditions or help proteasome systems to degrade the aggregates. However, we also found similar results when we treated mouse neuroblastoma cells (N2a) with Cur and SLCP after exposure to Aβ42 (Figure 3) , suggesting that induction of heat shock response by Cur is not specific to human cortical neurons, but, rather, may also affect other neuronal cells.
Although HSPs can help proteasome systems to degrade misfolded protein aggregates, large Aβ species, including oligomers, protofibrils and fibrils, cannot be degraded by ubiquitin protease system (UPS), because such protein debris is too large to pass through the narrow proteasome barrel [52, 53] . In this case, macroautophagy plays a greater role in degrading different species of Aβ and p-tau [54] [55] [56] . Abnormalities or failure of the autophagic-lysosomal system have been noted in neurons of the AD brain. Recently [6] suggested the dual roles of Hsp70 include functioning as a molecular chaperone for damaged proteins and as a guardian of lysosomal integrity. The impairments of ALP and stabilization may be driven by the calpain-mediated cleavage of carbonylated HSP70 and this causes lysosomal permeabilization and/or ruptures which leads to release of the cell degradation enzyme, cathepsins (calpain-cathepsin hypothesis). Therefore, the combined effects of Aβ-induced calpain activation and reactive oxygen species (ROS)-induced 4-hydroxy-2-nonenal (HNE) generation, can cause HSP70 carbonylation and cleavage, which ultimately lead to the lysosomal rupture, accounting for ALP failures in the AD brain [6] . Moreover, HSP70 dysfunction causes aggregation of phosphorylated tau and disturbances of the axonal transport [6] , which lead to neurodegeneration by disturbing maturation of autophagosomes and destabilization of late endosomes/lysosomes [57] .
In this context, we measured the amount of microtubule-associated protein 1A/1B-light chain 3 (LC3A/B), which is a marker for monitoring macroautophagy [58] . In fact, carboxyl terminal cleavage of LC3 can form LC3-I, which is then conjugated with phosphatidylethanolamine to form LC3-II. The LC3-II tightly binds to the autophagosomal membranes. Therefore, the amount of LC3-II clearly correlates with the number of autophagosomes, and increased expression of this protein reflects enhancement of autophagic activity [58, 59] . In the present study, we observed that LC3A/B-II was significantly increased, due to Aβ42 exposure, and both Cur and SLCP further increased its expression, which indicates that Cur and or SLCP have roles in increasing autophagy to dispose Aβ from the cells (Figure 4) [60, 61] , some inhibitors (e.g. rapamycin) can be used to monitor the levels of LC3A/B-II after Aβ2 exposure and Cur and/or SLCP treatment. However, our main focus in the present study was to investigate whether Cur and/or SLCP have roles in modulating LC3A/B-II levels after Aβ42 exposure.
Similarly, beclin-1 levels also regulate the autophagy and membrane trafficking involved in several physiological and pathological processes, and under cellular stress conditions, it is increased [62] . It also interacts with vacuolar sorting protein 34 (VPS34), a class III phosphatidylinositol-3 kinase and regulates apoptosis and autophagy mechanisms [62] . In the present study, we observed that beclin-1 was increased by Aβ42 and that Cur treatment did not change this level, but SLCP significantly decreased it ( Figure 5) . Beclin-1 level is increased during stress and induces apoptosis, and, as a potent antioxidant, Cur and/or SLCP can reduce oxidative stress, thus may decreasing beclin-1 levels and reducing apoptotic death. However, unlike the effects of SLCP, Cur was unable to reduce beclin-1. Currently, we do not have a clear explanation to resolve this discrepancy. However, our findings suggest that SLCP may have greater potency, because of its greater cellular permeability, relative to dietary Cur, which contains a solid lipid coating. In addition, we did not explore whether VSP34 levels interacted with beclin-1 in regulating autophagy. Therefore, further research in this area may show such interactions for regulation of levels of beclin-1.
It has been shown that relatively small, soluble Aβ and p-tau can undergo degradation by CMA, without involving the HSPs and macroautophagic pathways [63] . In CMA, the HSC70 and LAMP2A proteins play a major role in recognizing these protein substrates [16, 14, 64] . In fact, CMA interacts with macroautophagy, via the upregulation of HSC70 and LAMP2A [65] [66] [67] [68] . However, in the present study, we found that HSC70 level was significantly reduced after exposure to Aβ42 (Figure 7) , which was also observed in 12 and 18 months old 3x Tg AD mice by others [64, 67, 69] . Because HSC70 is important for recognition of misfolded aggregates, reduction levels of HSC70 is directly associated with impairment of CMA [70, 71] . Importantly, we found that Cur and/or SLCP restored the HSC70 levels, though the mechanistic details for this finding are still not clear.
In our study we also found that the LAMP2A was increased by Aβ42 and that Cur and or SLCP treatments maintained these levels in their normal ranges. LAMP2A expression may depend on HSC70 level, as decreases in HSC70 levels, due to Aβ42 exposure, may increase LAMP2A expression as a compensatory mechanism to increase binding with lower levels of HSC70-substrate complex. Increased LAMP2A levels after exposure to Aβ42, produces increased CMA. One reason for increased LAMP2A after Aβ exposure is because of downregulation of HSC70. When HSC70 levels decrease due to Aβ42 exposure, this may increase the expression of LAMP2A which then binds to the low levels of HSC70, along with substrate proteins. However, when HSC70 was restored by Cur and/or SLCP, LAMP2A levels returned to normal, suggesting that Cur and/or SLCP may be able to maintain stability of CMA system during Aβ42-induced stress. These phenomena indicate that HSC70 and LAMP2A are tightly regulated in the control cells and become dysregulated in disease conditions [66, 70] . Although several other CMA markers are involved in autophagic regulation, we found that HSC70 and LAMP2A are sensitive markers to investigate the autophagy mechanism.
CHIP also has role in the turnover of Aβ and plays an important role in regulating misfolded protein load in cells, such as p-tau [72] . It is an E3 ubiquitin ligase protein, which interacts with HSC70-HSP70 and HSP90 and helps substrate ubiquitination and degradation of misfolded protein by the proteasome system [73] . CHIP serves as a link between the folding-refolding machinery in proteasome degradation pathways and has a direct role in a particular protein quality control pathway [74] . Over-expression of CHIP can decrease Aβ levels and may stabilize levels of amyloid precursor protein (APP) [75] . In our study, we observed that CHIP level was significantly downregulated by Aβ42 exposure (Figure 8 ). Due to Aβ exposure, HSP70 and HSC70 were downregulated, which may decrease CHIP levels. Furthermore, when levels of HSP70 and HSC70 were restored by Cur and or SLCP treatment, these treatments also maintained the CHIP levels, because, CHIP-dependent protein degradation is HSP70-dependent ( Figure 9 ).
Conclusion
Taken together, Cur can modulate, as well as rectify, the dysregulation of molecular chaperones and autophagy lysosomal pathways as a means of protecting neurons from Aβ42-induced cell death. Therefore, curcumin might be a promising compound for AD therapy by providing neuroprotection, as well as maintenance of protein degradation pathways. Our findings may be helpful in understanding the neuroprotective mechanisms of autophagic pathways that are involved in the prevention of the type of neurodegeneration observed in AD.
